T
HE literature since World War II contains many articles on the treatment of spinal cord injuries. While most authors agree in general upon proper methods of treating the complications of paraplegia, one apparently unsolved question still remains: "When is laminectomy indicated?" There seems to be uniform agreement that an exploratory laminectomy is required in patients with penetrating wounds of the spine. A wide difference of opinion exists, however, concerning the indications for laminectomy in cases of recent closed trauma. Most authors consider progressive neurological decline as an absolute indication for intervention, ix and some feel that most acute spinal cord injuries require laminectomy. 2'3'6'1s In this regard, Tarlov 15, 16, 17 held it reasonable to assume that cord function may recover provided decompressive measures be instituted before irreversible changes occur. Contrastingly, many observers felt that indications for laminectomy are uncommon in the early post-injury period. 4,5,s,9 Characterizing this opinion is a statement of Mayfield who "rarely finds it necessary to perform a laminectomy," feeling the procedure to be indicated only " (1) if it can be shown that bony compression is retarding the recovery of patients with partial cord lesions and (r if there is demonstrable obstruction of the spinal canal, if x-ray evidence shows sufficient deformity to cause cord compression and if the clinical findings harbor doubt as to whether the lesion is incomplete." Additionally, Munro suggested that "it is outrageously dangerous" to make exploration in recently injured patients with cervical lesions. Yet, Wannamaker reported no fatalities among 4~ patients operated upon under such circumstances. Is
The presence or absence of subarachnoid block, treated lightly in most reports concerning open injury, is considered by many observers to be a critical factor in assessing the need for operative intervention in patients rendered paraplegic by closed trauma. Davis stressed 4,5 the importance of * Veterans Administration Hospital, Long Beach 4, California. edema of the cord as a contributing factor to paraplegia in the early days following injury and is strongly influenced to operate when spinal subarachnoid block exists. Munro 8, 9 supported Davis' views on edema, but appears to delay surgical exploration until it becomes evident that proper conservative management will be ineffective.
Schneider, 13,14 in a recent series of articles, has described two distinct traumatic cervical cord syndromes and carefully outlined indications for intervention. The first, occurring in hyperextension injuries of the cervical spine, and in the absence of subarachnoid block, is a central cord syndrome, which Schneider stated contraindicates surgery. The second, occurring in flexion injuries, also in the absence of subarachnoid block, is an anterior and lateral cord syndrome, which he feels is remediable in the acute phase by section of the denticulate ligaments in accordance with the theory of Kahn 7 on the role of these ligaments in anterior cord compression.
The reported indications for late laminectomy are equally controversial. One opinion, characterized in the publications of Rand, 1~ suggests that delayed intervention, particularly after more than 1 year, is seldom followed by significant recovery of function~ although the morale of the patient may be improved after exploration. Opposingly Campbell and Meirowsky 2 have noted satisfactory return of function, particularly that mediated by nerve roots, when operation was performed as long as 5 years after injury, and arc prone to consider late intervention in the hope of achieving some such benefit for the patient.
The large number of patients studied in the paraplegia service at this hospital afforded an unusual opportunity to assess these problems in the management of spinal cord injuries. That these people were injured in widely separated areas and in many different ways and treated by many physicians by various methods added to, rather than detracted from, the desirability of the material so supplied for study. Records were available concerning the nature and extent of the traumatic process as well as the treatment applied in 858 such cases. This information, supplemented by neurological evaluation of progress since injuries, permitted comparative analysis of the several therapies employed. This analysis forms the subject matter of this report.
MATERIALS AND METHODS
All 858 patients included in this study were regularly admitted to the paraplegia service of this hospital during the past 9 years. In every instance spinal cord injury, either open or closed, had resulted from acute trauma usually rendering the individual essentially completely paraplegic. The records on all patients so admitted (10~0) were reviewed, no case being excluded from the series for reasons other than those described below. The primary requirements for inclusion in the group were as follows:
(1) Of critical importance was the'availability of a satisfactory description of the original injury, the condition of the patient during the acute and convalescent stages of his illness, and the type of treatment instituted. Such documentation was available either from the transfer-records of individuals injured while in active service in the armed forces (or treated initially in a service institution) or from communication from the attending physician.
(~) Each patient had a complete record of an adequate evaluation by the Chief or Assistant Chief of Paraplegia at this hospital, regardless of the length of time that had elapsed after injury. No patient was included in the study, however, whose traumatic episode was less than 9 months old.
As the review was begun it was hoped that sufficient information would be available from the records to determine the relative severity of cord damage, and that this could be correlated with recovery or prognosis. It became apparent, however, that radiographic data were not well documented, especially on combat injuries. Operative findings were frequently well described, but on many occasions even gross observation of the cord did not afford a good idea of the prognosis. Thus, many patients operated upon early with no grossly apparent cord damage, failed to recover neurologic function even several years after operation, and others with cords obviously contused or compressed had significant return of cord function. Reports of subarachnoid studies were commonly deficient, but when documented, such information was evaluated.
As the essential factor for evaluation was the degree of recovery exhibited by each subject it was necessary to define arbitrarily categories in which to consider improvement. In the interests of objectivity it was felt that this assessment could best be made primarily on an anatomical basis applying where possible such evidence of neural recovery to clinical improvement. Recovery in neural systems mediating somatic sensory and motor transport, as well as autonomic (bladder) function, was evaluated, therefore, according to the following arbitrary scale:
Grade 0 Recovery.--The modality examined in follow-up review showed less than r segments change from the level corresponding to the site of iniury.
Grade 1 Recovery.--Return of function in more than ~, but less than 4 segments.
Grade ~ Recovery.--More than 4 but less than 6 segments recovered functionally.
Grade 8 Recovery.
--More than 6 segments or complete return of function.
RESULTS

Severity of Injury.
As indicated previously, it was usually difficult to determine from reading the reports how complete or severe had been the injury to the spine initially. Although the operative data frequently were informative in cases of complete destruction of the cord, gross inspection of less severe injuries did not afford a reliable criterion for prognosis. Insufficient data were obtained regarding radiological examination for bony en-croachment upon the spinal canal to help in this study. Thus, conclusions regarding the extent and irreversibility of damage to the intradural contents were reached mainly from the neurological findings described throughout the course of the patient. In the great majority of cases, complete, or nearly complete loss of function referable to the site of the lesion existed initially. For this reason it is evident in comparing the results of operative and nonoperative treatment that laminectomized patients usually had more severe injuries than did those conservatively managed. In reviewing the available data on spinal manometrics, the above statement is supported by the fact that most of the surgically treated patients so tested had subarachnoid block, and most of those who were not operated upon had no block.
2. Subarachnoid Studies. Some information concerning the initial or early states of spinal fluid dynamics was available. Statements concerning the presence or absence of complete spinal subarachnoid block were obtained in ~5~ instances. Table 1 indicates that the results following both operative and non-operative treatment were significantly better when no block existed, than when complete obstruction was demonstrated. In an additional 9 patients partial block was said to be present, but these cases were not included in Table 1 because criteria for making a judgment of incomplete obstruction were found to be quite variable. When complete block was present, however, the figures definitely indicated that patients did better following laminectomy than when they were not operated upon. Comment. Quite clearly, the patients with no block were less severely injured than were those who exhibited subarachnoid obstruction. When block did occur, however, laminectomy afforded some, if not great, benefit.
3. Time of Treatment. From Table 2 it can be seen that significant improvement occurred in 16 per cent of patients upon whom laminectomy was done and in ~9 per cent of those who were not operated upon. It was somewhat surprising to find that the incidence of improvement was about the same in the patients who underwent surgery as long as 1 month after injury as it was in those explored earlier; and some benefit resulted to those operated upon up to a year later. Moreover, it did not appear on further evaluation that the degree of recovery was any more significant in the cases of early, as opposed to later operation, at least in those patients explored up to 1 month after injury. About half of the 91 patients who improved after operation subsequently became ambulatory (47 cases or 8 per cent of those operated upon). In reviewing the records of these 47 patients it became evident that ~5 had been operated upon more than 3 days after injury, and 3 more than a month after.
Comment. Again, the patients not operated upon appear to have been less severely injured than those who were treated surgically. Of the patients treated conservatively, about 3 in 10 showed some improvement and about 3 in 20 recovered or were rehabilitated to the point of ambulation. When laminectomy was necessary, 3 in 20 improved and 3 in 40 walked. Of importance in the surgically treated group seemed to be that the improvement 
16%
following exploration was as frequently obtained and apparently as extensive in patients operated upon from a week to a month after injury as in those who had an early operation. These results suggest that the acute paraplegic may profitably be treated with deliberation, not only to assess the need for intervention, but also to prepare him for it.
Location of Injury.
The results of the follow-up in patients, according to the region of the intraspinal structures injured, is summarized in Table 3 . Improvement in the patients not operated upon was more frequent than in those treated surgically, but the two series cannot be compared in this regard for reasons previously stated. The least improvement occurred when the upper thoracic cord was injured, and the greatest recovery followed lesions of the lumbar area. As lumbar injuries commonly resulted in injury to nerves, rather than to the spinal cord, an evaluation of recovery in these two structures was made (Table 4 ). It was found that improvement occurred to a greater extent in nerves than in the cord. Moreover, as demonstrated before, patients with early operations did not do so well as those explored between the ~nd and 30th day after injury, if the injury involved the spinal cord. This differential in recovery was not apparent in patients with injuries to intraspinal nerves, both groups doing about equally well. Comment. It was apparent in reviewing the cases, that recovery in patients with injuries to intraspinal nerves appeared most frequently within several months of injury, as it did in instances of trauma to the spinal cord. This observation suggested that the increased frequency of improvement The figures on cervical injuries may give some indication regarding the contribution of neurological return of function to ultimate ambulation. Certainly, the completely tetraplegic patient would be totally incapable of ambulation, unless restitution of neural pathways occurred, while an individual with a lumbar lesion might ultimately walk even though his neurological status remained unchanged. Such recovery, as manifested both by neurological examination and ultimate ambulation, was higher for people with cervical injuries than for those with spinal lesions anywhere else but in the lumbar area. Realizing the appallingly handicapped plight of the tetraplegic patient, some slight gratification can be derived, perhaps, from The apparently more severe nature of the thoracic spinal injuries as compared to the cervical injuries is probably on the basis of the relative magnitude of forces required to produce fracture dislocations in these areas.
Recovery of Different Modalit@s of Function. The various modalities
of spinal cord and nerve function differed in the tendency to recover functionally from injury. In all categories the intraspinal nerve lesions were followed by a greater frequency of recovery than the spinal cord lesions. Sensory functions recovered more frequently than motor functions, and autonomic functions (bladder) returned least of all. Table 5 illustrates the relative recovery rates among these various functional modalities. Tactile sensibility returned most frequently (19 per cent of all cases). Pain and temperature sensation as well as motor function returned next most frequently (17 per cent of all cases), while bladder sensation (7 per cent) and bladder motor control (5 per cent) showed significantly less tendency to recover. Analysis of the modalities with regard to degree of recovery indicates that the tactile sensibility tended to improve to a marked degree much more frequently than any other function. Pain and temperature sense showed major recovery much less frequently, but more consistently than did skeletal motor function. Bladder motor and sensory function returned least frequently, but when they did return, it was to a close approximation of normal function, in most eases. Significantly it was noted that in no ease did bladder sensation recover unless pain and temperature sense returned in the sacral segments. Review of Table 5 indicates again the tendency in the non-surgical cases toward mueh higher recovery rates in all modalities except bladder motor control.
Comment. The reasons for preservation of tactile sensibility (light touch, position and vibration senses) more frequently than other modalities are not apparent. In cord injuries one might suppose that the posterior funiculi are less susceptible to trauma in anterior compression (flexion) injuries because of the attachment of the denticulate ligamentsY Such a distinction could not explain the similar preservation of tactile senses in cauda equina lesions. The observed relationship of bladder sensation to sacral pain and temperature innervation confirms the work of Nathan and Smith, :~ who found that pathways mediating bladder sensation course primarily in the anterolateral funieuli.
6. Ambulant Patients. Of great interest to the patients and to those interested in them is the prognosis as regards ambulation. For this reason a study was made of the cases to evaluate the degree and frequency of return of this general function. In Table 3 was a summary of all ambulatory patients. These data are broken down in Tables 6 and 7 to indicate the relative degree of ambulation achieved by the patients. We did not consider patients to be "ambulatory" if they required bilateral long leg braces. The patients listed walked usefully at least some of the time, or were at least neurologically capable of doing so.
Of 579 laminectomized patients, 13 walked with no aid or with one dropfoot brace. Actually 7, or 1.3 per cent, walked without aid. Eleven patients required moderate aid, and 33 walked with marked assistance as described in Table 6 .
Of 379 patients without laminectomy, 30 walked with minimal aid and 16, or 6 per cent, walked with no aid at all. Seventeen required moderate aid and 7 marked assistance. Thus, again, was the more benign lesion in this group demonstrated. Final Comment. When confronted with the acute traumatic paraplegic the attending physician is faced with the problem of deciding upon management that will afford the maximum opportunity for spinal cord or nerve recovery. At best, the chances are small for improvement. However, the patient will not be content unless every procedure that can possibly improve the prognosis is performed. After complete neurological examination, lumbar puncture and x-ray studies, the physician must conclude whether doubt does or does not exist regarding the complete anatomical destruction of the spinal cord or nerves at the site of the injury. If there is no doubt that the neural structures are completely destroyed, then laminectomy is not indicated. If such doubt exists, as it does in most cases, then the decision of when or whether to explore depends upon the general condition of the patient, his neurological course, the x-ray findings and the spinal fluid manometrics. If his condition is such that operation would seriously imperil his survival j then it should be deferred until a more opportune time. Empirically we agree with prevalent opinion that progressive neurological decline indicates laminectomy, and also that progressive recovery contraindicates it. In eases of non-progressive severe neurological deficit when doubt exists regarding complete anatomical destruction of the neural structures affected, and when the patient's general condition is good, the decision about laminectomy rests on the evaluation of the spinal x-ray findings and the spinal fluid manometrics. We have not fully evaluated the relationship of x-ray appearance of the spine to prognosis in this study, but feel like Brown: that it is not constantly reliable. Our data on spinal fluid block indicate that the presence of block seriously decreases the prognosis, and that if not operated upon, the patient's chance of neurological recovery is minimal. It has not been possible here to assess the effect of disappearance of spinal fluid block, upon return of function, as edema subsides under conservative treatment or as skeletal traction reduces the dislocation. However, the results of this review indicate that 1 or ~ days' waiting will not seriously imperil the prognosis, and in fact may even improve it.
In the event of paraplegia in the absence of spinal fluid block, the problem is quite different. The prognosis seems considerably better. The absence of block is usually associated with a lesser degree of vertebral displacement. Therefore, we believe that the absence of block in general indicates that the neural structures are not being seriously compressed, that maximum destruction has already occurred, and that nothing is to be gained by laminectomy. We have not specifically scrutinized the eases of paraplegic patients who demonstrate initial preservation of tactile sensibility and who, according to Schneider, benefit from laminectomy even though no block exists. It would seem that these eases represent an even less severe type of injury to the cord than the eases in which there is complete loss of neurological function and that, therefore, the prognosis should be even better among such patients without manometric block. For these reasons, we are not convinced of the value of laminectomy in such instances, an operation which still must be considered a major surgical procedure, despite the fact that it caused no fatality in our series. SUMMARY 1. A series of 858 eases of spinal cord injury were reviewed. In 579 of these laminectomy was performed at various intervals after injury. In ~79 eases exploration was not made. The neurological recovery among both groups was evaluated.
~. Of the laminectomized patients, 16 per cent were significantly improved postoperatively, and 8 per cent were ambulatory, 1.~ per cent with-out aids. Of the patients not operated upon, ~9 per cent improved neurologically, and 16 per cent were ambulatory, 6 per cent without aids. The laminectomized patients were felt to represent more severe injuries than the non-lamineetomized patients for reasons outlined.
3. In both categories, the intraspinal nerve lesions recovered more frequently than the spinal cord lesions. This was thought to represent greater tolerance to trauma among the nerves of the cauda equina, rather than regeneration, for reasons stated.
4. In all patients it was found that systems conducting tactile sensibility recovered most frequently. Pain and temperature sensation and motor function returned next most frequently, and bladder sensation and motor control recovered least frequently of all functions. Possible factors are discussed.
5. Among the lamineetomized patients the most favorable interval between injury and operation was from ~4 hours to 1 month. Those operated upon earlier seemed less likely to improve if they had spinal cord lesions. Lesser rates of improvement were observed in all types of lesions operated upon more than 1 month after injury.
6. Spinal subarachnoid block was an important factor influencing prognosis, affecting it quite adversely. Patients with complete block who were not operated upon did not improve.
7. Gross observation of the cord at surgery did not afford a reliable indication of prognosis unless the cord was obviously transected. Many patients described as having "normal-appearing cord" did not improve, and many with subtotal lesions did improve.
8. Indications for and against surgery are discussed. (a) The presence of subaraehnoid block is a strong indication for surgery if x-ray evidence of bony injury leaves any doubt as to completeness of the injury. (b) Absence of subarachnoid block supports the institution of non-surgical treatment initially. The anterior cord compression syndrome is discussed in the light of the above-mentioned indications and experience. (c) Laminectomy delayed as long as 1 year after injury may rarely afford some improvement in eases of complete block, but if delayed longer it probably affords only psychological benefit to the patient.
